Ultramicro Determination of Epidermal Glucose**From the Department of Dermatology, University of Miami School of Medicine and Jackson Memorial Hospital, Miami, Florida.  by Schragger, Alan H.
ULTRAMICRO DETERMINATION OF EPIDERMAL GLUCOSE*
ALAN H. SCHRAGGER, M.D.
Utilizing glucose oxidase-impregnated papert
applied to decornified (stripped) skin, Zaias,
Schragger and Cushner (1) showed a close cor-
relation between the glucose of the blood, urine,
and epidermis. They demonstrated that with
blood sugars above 160 mg./100 ml. there is suffi-
cient glucose present to be detectable by the
application of moistened glucose oxidase-impreg-
nated paper to the surface of decornified skin.
They also found that concomitant with the ap-
pearance of glycosuria, glucose could be found on
the epidermis.
The free glucose present in punch biopsy speci-
mens of full thickness skin, measured as total
reducing substances, was reported by Urbach (2)
to be approximately two-thirds of the blood sugar.
This study will present the measurement of
glucose (beta D-glucopyranose) in slices of epi-
dermis without attached dermis and will show
the relationship to the decornified skin glucose.
METHODS
One tenth millimeter slices of epidermis were
obtained with the Castroviejo keratatome as
described by Blank, Rosenberg and Sarkany (3).
The epidermis was taken from the skin above the
posterior iliac crest after subcutaneous infiltration
with 2% Xylocaine. A portion of the specimen was
used to obtain a histologic control, in order to
assure the use of pure epidermis. The specimen
was kept at 0° C. until weighed. The weights
ranged from 5 to 10 mgm., the slices being 0.5
cm. wide and from 1 to 2 cm. long. The specimen
was homogenized in 0.5 ml. of a phosphate buffer
of pH 7.0 at 00 C. with a teflon pestle in a glass
tube. Protein was removed (4) with 0.25 ml. of
2% ZnSO47H2O and 0.25 ml. of 1.8% Ba(OH)2.
81120. The precipitate was removed by centrifuga-
tion at 5° C. for 30 minutes at 2200 RPM. The clear
supernatant was pipetted off and retained.
A stock solution of 1% glucose in 0.2% benzoic
acid was used to prepare dilutions of 0.025, 0.01,
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0.005 and 0.001 mg/mI. The glucose oxidase re-
agents was prepared in a total of 25 ml. of glass
distilled water and used immediately.
One tenth milliliter of the glucose oxidase re-
agent was added to 0.3 ml. of specimen and to the
control dilutions of glucose. Controls included a
tube without substrate and another with acid
inactivated enzyme. The mixture was incubated
for one hour at 37° C. (5) and the reaction stopped
with one drop of 4NHC1. After ten minutes the
optical density was determined on a Beckman DU
spectrophotometer at 400 mu. The least amount of
glucose detected is 0.3 microgram.
Controls were performed to check the time re-
quired for the reaction to reach completion and to
determine the effect of adding 2% Xylocaine to the
substrate. Known quantities were added to ali-
quots of specimen to determine any potential
additive or inhibitory effect due to substances
in the epidermis (6). Determinations of blood sug-
ars were made by the Jackson Memorial Hos-
pital clinical laboratory.
RESULTS
The results graphed in fig. 1 show a direct rela-
tionship between the levels of blood sugar and
the milligrams of glucose per 100 grams wet
weight of epidermis. The epidermal glucose, when
expressed as milligrams per 100 gram wet weight
of epidermis, ranges from 40 to 75 per cent of the
blood sugar.
Controls indicated that the reaction went to
completion within the one hour allotted. There
was no indication of any additive or inhibitory
effect under the conditions outlined.
DISCUSSION
These results confirm the validity of the ex-
periments with glucose oxidase paper applied to
decornified skin. The minimum amount of glu-
cose detectable by oxidase paper is equal to the
glucose found in the epidermis at 160 mg./100 ml.
of blood sugar. This explains the negative findings
on the epidermis of normal individuals.
The findings are also in accord with the pre-
vious studies of full thickness skin and indicate
that glucose in epidermis without dermis is a
reflection of blood sugar.
Glucostat, Worthington Biochemical Corpo-
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Fxo. 1. Relationship of epidermal glucose to blood sugar
SUMMARY
Studies of 0.1 mm. slices of dermis-free epi-
dermis with a glucose oxidase system to measure
glucose have shown that the epidermal glucose
is a function of the blood sugar. This is in vitro
confirmation of the in vivo studies on decornified
(stripped) skin. The epidermal glucose, expressed
as milligrams per 100 grams wet weight of epi-
dermis, ranged from 40 to 75 per cent of the blood
sugar.
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DISCUSSION
DR. HERBERT MEscoN, Boston, Mass.: How
do you account for the lack of glucose in a pa-
tient with high renal threshold? Secondly, oc-
casionally we will see glycogen; I do not know
how much overlap there is in your chemical tests
for the glucose and glycogen which is occasionally
present in the epidermis. Will your chemical
tests for glucose show up glycogen?
DR. RICHARD B. STOUGHTON, Cleveland, Ohio:
I was wondering whether the possibility of in-
ducing sweating with acetylcholine, for instance,
would give you some indication of elevated blood
glucose where taking measurements from the
dry cutaneous surface might not.
DR. ALAN H. ScRRAGGRR, (in closing): In
answer to Dr. Meseon, the chemical tests for
glucose will not reveal glycogen. This test is an
enzymatic test which is a specific for beta-D
glucopyranose and is not interfered with by gly-
cogen.
In answer to the first question, the sensitivity
of the paper may be a reflection. We have started
this investigation on several other patients, in one
of whom there is a suggestion of a difference in
epidermal glucose paralleling this renal glycosuria.
In answer to Dr. Stoughton, previous studies
which had been conducted with sweat, both with
and without stimulation, have not indicated this
to be true. Whether there would be any specific
effect from acetylcholine I think is questionable,
but certainly prior studies with sweat have not
correlated well with blood sugar.
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